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INTRODUCTION
Fungicidal a c t iv i ty  may be dependent upon both permeation 
and inheren t to x ic i ty .  Since p en e tra tio n  o f the cytoplasmic 
membrane may be e s s e n tia l  fo r  expression of to x ic i ty ,  two compounds 
of equal inheren t to x ic i ty  and w ater s o lu b i l i ty ,  i f  sorbed 
d i f f e r e n t ia l ly ,  would d i f f e r  in  fu n g ic id a l e ffe c tiv e n e ss .
This in v e s tig a tio n  was based on the  supposition  th a t  
abso rp tion  and adso rp tion  ( c o l le c t iv e ly ,  sorp tion) d iffe ren ces  
m y  be re la te d  to  the d iffe ren ces  in  fu n g ic id a l a c t iv i ty  o f 
dim ethyl- and di-n-propyId.ithiocarham ate. Bioassay and rad io trac e r  
procedures in  e a r l ie r  work ( 29) were used fo r o r ie n ta tio n  in  the  
p relim inary  phases o f th is  re sea rch . Since ra d io tra c e r  da ta  were 
q u ite  v a r ia b le  ( 29) , considerab le  e f fo r t  was spent in  th e  develop­
ment and refinem ent of th ese  procedures to  o b ta in  r e l ia b le  
so rp tio n  d a ta .
Included is  an in v e s tig a tio n  o f c e r ta in  fa c to rs  
a ffe o tin g  spore g em in a tio n  and fu n g ic id a l a c t iv i ty  o f the  potassium  
s a lt  of the dim ethyl- and d i-n .-propyldith iocarbam ates, v a r ia b i l i ty  
in  ra d io tra c e r  techn iques, the re la tio n sh ip  between so rp tion  o f 
the  homologs and th e i r  fu n g ic id a l a c t iv i ty ,  and the e f fe c t  of 
carbon source and glucose concen tra tion  on s u s c e p tib i l i ty  of fungus 
spores to  the  dim ethyl d e r iv a tiv e .
1
LITEKATUKf’ Rfc’VlBW
Research on the mode of fu n g ic id a l a c tio n  of the 
dithiocarbam ates has been d ire c ted  along th re e  general lines*
1) id e n tif ic a t io n  of the decomposition products and ©valuation 
of th e ir  to x ic i ty ; 2) s tud ies  on the  e f fe c t  of the d e riv a tiv e s  
on enzymes, p a r t ic u la r ly  those of the re sp ira to ry  system; and 3) 
in v es tig a tio n s  on the  accumulation of the  to x ic a n ts ,
Chemical in v e s tig a tio n s  on the decomposition products 
of the  b isd ith iocarbam ates have revealed  c e r ta in  compounds which 
are  common to  the degradation of the d ia lk y ld ith io carb am ates . 
Generally in v e s tig a to rs  agree th a t  hydro lysis  of 
disodium ethylene b isd ith iocarbam ate (nabam) r e s u l ts  in  the 
form ation of carbon d isu lf id e  ( 15, 16, 17, 18, 31# 36), B a rra tt 
and H orafall {3) ,  unable to  id e n tify  th is  gas, concluded th a t 
hydrogen su lf id e  was the gas evolved on hydro lysis of b is d ith io ­
carbamate so lu tio n s . Since hydrogen su lf id e  may, under basic 
co n d itio n s, oxidize to  th e  s u lf a te ,  th i s  could exp la in  why they 
were unable to  id e n tify  t h i s  gas. Although Cox, e t a l . ,  (6) 
concluded th a t  the  re s id u e  formed during hydro lysis  was 
ethylenediam ine, only ethylene th io u rea  was id e n tif ie d  by f ia rra tt 
H orsfa ll ( 3) ,  Since carbon d is u lf id e ,  hydrogen s u lf id e ,  e thy lene­
diam ine, and ethylene th io u rea  are  not equ ivalen t in  to x ic i ty  to  
the parent compound, fu n g ic id a l a c t iv i ty  o f the  b isd ith iocarbam ates 
may be a t tr ib u te d  to  the  m olecule, or ions o f t h i s  group, o r to  an  
ox idative product. B arra tt and H orsfa ll ( 3) postu la ted  
d iiso th io cy an a te  and hydrogen su lf id e  as end products in  nabam
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h y d ro ly s is , bat did not in d ica te  that, iao th iocyanata  was the 
fu ag ito x ic  component of nabam. According to  Ludwig e t  a l .  (17)* 
Slopping and van der Serk presented evidence th a t  fu n g ic id a l 
a c t iv i ty  of the b isd ith iocarbam ates is  a t t r ib u te d  to  the 
d iiao th io cy an a tsa , which are  formed during oxidation* Id the 
residue  formed during a e ra tio n , Ludwig and Thorn ( l 6 » 1?) id e n tif ie d  
ethylene tfaiuram mocosulfide (” >T»5/») i t s  polymer and elem ental 
s u lfu r . S ijpestsyn  and v&n cler Kerk, according to  Ludwig ( iS ) ,  
a lso  iden tified . rc.T.M. in  nabam so lu tio n s and suggested th i s  
compound as tb s  source of the iso th io cy an a te , R ecently, Lmj^ig, 
e t  a l , (13) demonstrated t i n t  an iso th iocyanate does r e s u l t  
from 'f .T .th
Hydrolysis of s a l t s  o f the d ialky  Id ith iocarham ates,
(with, the exception of the copper s a l t s )  r«3 3 u lts  in the form ation 
of carbon d isu lf id e  and the dialkylaroinc (15)* B arra tt and 
f-o rsfa ll ( 5)* however, id e n tif ie d  hydrogen su lf id e  as the only 
gas evolved during h y d ro ly sis . A3 carbon d is u lf id e ,  hydrogen 
su lf id e  and the dialkylam ine are le ss  toxic- than the dialley 1- 
ditkiocarbafflftte, fu n g ic id a l a c t iv i ty  o f  th is  group roust no t be 
a t t r ib u te d  to  these  degradation products.
According to  Ovens (2 7 ), Dawson and M artel, in  th e i r  
work w ith  enzymes demonstrated th a t  sodium d ie th y ld ith io c a rh am te  
forms s tab le  complexes w ith the copper atoms o f copper-containing 
enzymes. In add itio n  to  these enzymes, Owens (27) repo rted  fu rth e r  
th a t  d ith io carh aa io  acid  d e riv a tiv e s  in h ib ited  su lfh y d ry l- , i ro n - ,  
and amino-dependent- ensyffles; Owens and others (55) have concluded
kth a t  in h ib itio n  ray  r e s u l t  f  rcm the  fo n ro tio r c f  a complex w ith  th e
r .c ta ls  o f  m etal-contain ir.g  er.ssyroes and by in te rfe re n ce  in  electron .
s h i f t s .  According; to  Ludwig, et a l .  (17) S ijpesteyn  and ran  dor
Jferk presented evidence th a t  1 sothioeyanat® re ac ts  w ith  th e  -SH
groups in the c e l l .  By the ad d itio n  of rre ta l io n s, Owens (23)
obtained p a r t ia l  re v e rsa l o f the in h ib ito ry  e f fe c t of sodium
-h+- {■ f
d ie tb y ld ith ic ca rb a im ts  on polyphenol oxidose. Tfi and Co 
were most e ffec tiv e  in  reversing  the  in h ib ito ry  a c tio n . Weed ( $ 4-) 
reported some in d ica tio n  of re v e rsa l of in h ib itio n  w ith  the 
ad d itio n  of g lu ta th ione  and cyste ine  on fcrbam -treatod spores of 
Feurosoora a i t o p h ila .
Sorption of the to x ic an t in  r e la t io n  to  to x ic i ty  is  
another sub .feet of in v e s tig a tio n  on the mode of a c tio n  of the 
d ith iocarbam ates. Kich and H orsfa ll (7 2 ), in  an e x ce llen t s e r ie s  
of in v e s tig a tio n s  concerned w ith fu n g ito x lc ity , permeation,, and 
lip o id  s o lu b i l i ty , found th a t  fung ic ida l a c t iv i ty  of members o f 
homologous se rie s  of <c cmpounds (2- im idazoline and Jg-nitrc-sopyrasole), 
varied  depending upon the length of lip o p h ilic  s id o -ch a ln s .
According to these a u th o rs , and in  view of the r e s u l ts  other 
workers obtained ( 1, Ilf.)> s im ila r  r e s u l ts  were obtained by K itajiraa, 
who reported  th a t  th e  to x ic i ty  c f  f a t ty  acids increased w ith 
increase in  number of carbon atoms from 5 to  12 beyond which i t  
decreased, Since the  to x ic i ty  o f ind iv id u als  of homologous se rie s  
may depend upon th e  lipo id -w ater s o lu b i l i ty  r a t i o ,  t h i s  raay account 
fo r  the re s u lts  obtained by Kitajim.a, The f i r s t  evidence of to x ican t 
accumulation by spores was presented by Goldsworthy in  1943 (11 )•
R ecently , M ille r, McCallan and Weed (21 , 23, 2I+, 25) ,  in  a ae rie s  
o f ra d io tra c e r  in v e s tig a tio n s , confirmed Goldsworthy's re su lts#  In 
s im ila r  ra d io tra c e r  work w ith  the d ia lk y ld ith io carb am ates, Palmer 
( 29) reported  th a t  average so rp tio n  of the more fu n g ic id a l sodium 
dim ethyl homolog was g re a te r  than  th e  I s b s  fu n g ic id a l sodium 
d i-n -p ro p y l d e r iv a tiv e , although so rp tio n  d iffe ren ces  were not 
s t a t i s t i c a l l y  s ig n if ic a n t .
In in v estig a tio n s  on the e f f e c t  o f carbon sources on 
fu n g i, Hawker ( 12) ,  found th a t  complex carbohydrates ( d i - , t r i - ,  
and polysaccharides) a re  g en era lly  le ss  s a tis fa c to ry  fo r v eg e ta tiv e  
development and, conversely , more su ita b le  fo r  spore form ation 
than th e  monosaccharides. Brown (b.) observed th a t  sp o ru la tio n  o f 
Pusarium fructigenum  decreased as glucose was in creased , while 
iry ce lia l development increased w ith  a r is e  in  glucose concentra­
t io n .  In a d d itio n  to  th ese  r e s u l t s ,  E llio tt (9 ) a lso  found th a t  
spores o f H. sa tiv u m increased in  len g th  as glucose concen tra tion  
was reduced from 8 to  O.O625 per c e n t.  When glucose was rep laced  
by s ta rc h , co n id la l form ation increased w ith increm ents o f the 
carbohydrate up to  a  r e la t iv e ly  high concen tra tion  ( 12) ,  In work 
w ith  Melanospora destruens (12) p e r i th e c ia l  form ation increased 
w ith  increase in  sucrose and s ta rc h  co n cen tra tio n s up to  5 per c e n t, 
whereas p e r i th e c ia l  development decreased as glucose was decreased 
from 2 .0  to  O.5  per c e n t. Five per cen t glucose In h ib ited  
p e re th e c ia l form ation.
METHODS
Refinement ox'* Bioasaay Techniques
In e a r l ie r  "work w ith  th e  sodium s a l t  of th e  d ith io c a r-  
bam&tea, Palmer (29) found th a t average so rp tio n  of th e  more 
fu n g ic id a l dimethyldithioc&rbamate was g re a te r  than th a t  of th e  
le ss  fu n g ic id a l d i-n -p ropy l homolog, although the d iffe ren ces  in  
so rp tio n  were not s t a t i s t i c a l l y  s ig n if ic a n t.  R esults were too  
v a riab le  to  re la te  so rp tio n  to  fu n g ic id ia l a c t i v i t y .  Since the 
reason(s) fo r  t h i s  v a r ia b i l i ty  were not c le a r ,  the f i r s t  phase 
of th i s  research was concerned w ith evalua tion  and re v is io n  of 
the  bioassay and ra d io tra c e r  techniques used in  e a r l i e r  work ( 29) .
A su itab le  bioaasay fo r  th e  t e s t  compounds must be 
equally  amenable to  ra d io tra c e r  work. The fu n g ic id a l assay (2 ) ,  
a type of spore germ ination assay , seemed most ap p ro p ria te  fo r 
eva lua ting  the fu n g ic id a l value of the compounds. Since the 
le th a l  dose re ta in ed  in  or on a spore i s  dependent upon the 
method of preparing spores fo r  fu n g ic id a l assay , washed spores, 
which fa i le d  to  gem inate  under conditions favorab le  to  germina­
t io n , a re  re fe rred  to  in  th is  work as dead.
To fin d  sources of v a r ia b i l i ty  in  the  bioassay work, i t  
was necessary to  in v e s tig a te  and evaluate re v is io n s  ag a in s t 
in d iv id u a l steps in the procedure reported  e a r l ie r  ( 29) .  For 
o r ie n ta tio n , th e re fo re , the follow ing procedure was follow ed. 
Spores were removed from c u ltu re  by l ig h t ly  rubbing a w ire loop 
or rubber policeman over the w atercovered surface of the fungus.
To fre e  the spores from masses of mycelium and agar fragm ents, the
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suspension was f i l t e r e d  through Wo layers  of cheesec lo th . ^sing 
3-one minute c e n tr ifu g a tio n s , more complete sep ara tio n  of spores 
and mycelium was ob ta ined . Spore concentrations were estim ated 
w ith  the  h e llig e  haemacytomster. F in a l spore concen tra tions o f 
A. o le racea , h. sativum , and a .  f ru o tlo o la  were ad justed  w ith an 
aqueous a e lu tio n  o f 5OO ppm of T rito n  X-100 to  1x10^, *5x1$, and 
1x10^ spores per ml, re sp e c tiv e ly . Fungicides wore evaluated a t  
pxi0~^ and 1x10"*^  mo lar •
Five ml each of the spore suspension and fungicide 
so lu tio n  were added to  a 15 ml screw-cup v ia l .  To reduce spore 
lo s s , Lao cap was lined  w ith white gun*-rubber sh ee tin g , d u ra tio n  
of exposure of spores to  che compound so lu tions was o rd in a rily  
1 and £1+ hours. Following the exposure p e rio d , the spores were 
separated  from the fungicide so lu tio n  by f i l t e r in g  through a 
modified Gooch c ru c ib le . F i l t r a t io n  pressure was m aintained a t  
7 ,5  p . a . i .  F i l t r a t io n  was timed to  ooincide w ith  th e  end of the 
exposure period . The spores, co llec ted  on a f i l t e r  paper d isc  
(7iba.tiEw.ri ho. 50) ,  were th en  rin sed  to  remove *extraneous'1 fung ic id e . 
In the bioasaay work, o rd in a rily  a s in g le  10- ml -wash was used.
Spores were removed by r in s in g  the surface of th e  f i l t e r  
•with 3 atl of 0 .1  per cen t u ltra c e a tr ifu g e d  orange ju ic e .  S ight 
drops of the apore suspension were then p ip e tted  onto s il ic o n e -  
coated g lass microscope s l id e s .  (S lid es  were coated by exposure 
to  the vapor of Eri-F'ilm  Mo. SC-77, marketed by Genera l  E le c tr ic  
C orporation), The s lid e s  contain ing  the spore drops were p laced 
in  inverted  F e tr i  d ish e s , w ater-sealed  to  prevent evaporation .
8and incubated a t  2CT C fo r  2ij. hours.
The number of nongerainated spores in  25 spores per 
drop, were counted using  th e  lOx microscope o b je c tiv e . An estim ate 
o f spores k il le d  by the fungicide was determined w ith Abbotts 
formula ( 13) .
S e le c tio n  o f th e  Potassium  D ia lk y ld ith io c a rb am ate s . —Compounds 
fo r  study should be e a s i ly  sy n th es iz ed , w ater so lu b le , (e q u a lly  
a v a i la b le  to  fungus spores) and r e la t iv e ly  s ta b le  a t  fu n g ic id a l 
c o n c e n tra tio n s . With re s e rv a tio n  ( p r e c ip i ta t io n  o f  th e
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d i-n -p ro p y l compound occurred a t  1x10" molar w ith in  21+ hours 
a f te r  chemical sy n th esis) these  were c h a ra c te r is t ic  of th e  sodium 
d ia lk y ld ith io carb am ates . Although th e  sodium s a l t  o f the 
bisd ith iocarbam ates and the d ia lky ld ith iocarbam ates haB been 
ra th e r  ex tensive ly  in v estig a ted  ( 3 , 6 , I5 , 16, 17, 18, 30* 31) 
c e r ta in  considera tions favored the use o f the potassium s a l t  in  
th is  re sea rc h . Davson and D an ie lli (7 ,  8 ) and o thers (20 , 26) 
have repo rted  th a t  sodium has a g rea te r  e f fe c t  in  increasing  
perm eability  of c e r ta in  p lan t and animal c e l l s .  Furtherm ore, 
Davson ( 8 ) in  in v es tig a tio n s  w ith  c a t ery th rocy tes  found th a t  
although p en e tra tio n  of Na+ and K + was p ro p o rtio n a l a s  pH was 
increased from 6 .0  to  7«9 » permeation of sodium exceeded potassium 
th ree fo ld  a t  pH 7«9» This was of p a r t ic u la r  in te re s t  as so lu tio n s  
of the  fung ic ides in  th i s  work were buffered  a t  pH 10 .5, a po in t 
a t  which sodium p en e tra tio n  might be even g re a te r .  With greater 
permeation of a g rea te r number o f opposite ly  charged io n s,
9e ,g ,  OH* may a lso  e n te r  un less  the, unbalanced
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e le c t r ic a l  fo rces were compensated in  some o ther manner.
To reduce th e  in fluence on perm eability  which Na may 
ex ert on th e  t e s t  spore , su b s titu tio n  w ith the  potassium s a l t  was 
considered d e s ira b le , provided th a t t  l)potassium  per se and the 
potassium  carbonate b u ffe r  p a irs  were r e la t iv e ly  nonfungic ida l, 
and 2) th e  potassium dimethyl and d i-n-propyId ithioearbam ate s 
were s im ila r  to  the re sp ec tiv e  sodium s a l t s  in  fu n g ic id a l a c t iv i ty .  
T herefore , i t  was necessary to  determine the influence of potassium 
and i t s  s a l t s  on spore germ ination.
For comparison, both the sodium and potassium carbonate 
b u ffe r  systems were in v e s tig a te d . The ch lo rid es  o f sodium and 
potassium  were a lso  evaluated to  measure the  e f fe c t  of G0^ and 
EC O’* on spore germ ination, pH of th e  so lu tio n s was measured 
w ith  a Beckman meter w ith  a lith iu m  glass e le c tro d e . Concentra­
t io n s  of the sodium and potassium  ch lo ride  so lu tio n s  were c a l ­
cu la ted  to  agree with the ion ic  s tren g th s  o f t h e i r  respective  
carbonate b u f fe rs .
Fungicidal da ta  from t h i s  in v es tig a tio n  are  l i s te d  
in  Table 1, Sodium and potassium  ch lo rid e  had approximately the 
same fu n g ic id a l e f fe c t on A, o leracea  spores. The two b u ffe rs  
were o f s im ila r  to x ic i ty .
The next step  in  t h i s  s e r ie s  of in v e s tig a tio n s  was a 
comparison of the fu n g ic id a l a c t iv i t i e s  o f th e  potassium and sodium 
d ia lky ld ith iocarbam ate homologs, A summary of the  e f fe c ts  of 
th ese  s a l t s  i s  given in  Table 2 , The same re la t iv e  fu n g ic id a l
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d iffe ren ces  were evident toward A. o le racea , H. sativum , and 
M. f ru c t ic o la  w ith  both the potassium  and the  sodium s a l t s .
Since th e  potassium b u ffe r and dithiocarbam ate s a l t s  
were s im ila r  in  e f fe c t to  the resp ec tiv e  sodium compounds, and in  
view o f  the reported  influence of sodium on perm eab ility  of c e r ta in  
p lan t and animal c e l l s ,  the  potassium  s a l t s  were used in  sub­
sequent TOrk.
S e lec tio n  o f Medium fo r  H arvesting Spores from C u ltu re . —“Frequently 
in  t h i s  re sea rch , germ ination of A. o leracea spores was q u ite  low. 
Sine© i t  was im portant to  o b ta in  high germ ination ra te s  fo r  
aocurate in te rp re ta tio n  of so rp tio n  and fu n g ic id a l d a ta , an 
in v e s tig a tio n  of th e  fa c to rs  suspected of influencing  germination 
was considered necessary .
One of th e se  f a c to rs  was believed asso c ia ted  w ith  the 
method of removing 3pores from c u ltu re . Since conidia were obtained 
by rubbing the w ater-covered su b s tra te  su rface , uniform ity o f the 
spore sample was dependent upon spore w e t ta b i l i ty  and ex ten t and 
pressu re  o f rubbing the c u ltu re  su rface . To evaluate th e  e f fe c t  
o f d i s t i l l e d  w ater as a h arvesting  medium, a w etting  ag en t,
T rito n  X-100 ( 5OO ppm) was used fo r  comparison. The suspensions 
were divided eq u a lly . Spores from one o f th e  suspensions from each 
p a ir  were washed w ith  T rito n . D is t i l le d  w ater was used to  wash 
the spores in  the  two remaining suspensions.
Data from th is  work are  l i s te d  in  Table 3» Germination 
of spores removed from c u ltu re  in  T rito n  was markedly reduced.
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Table 1 .— Influence of Scdium and Potassium and Their Carbonate 
Buffer Systems on Spore Germination of A. o le racea .
“ A ctual " P er’’cent
Treatment_____________ pH______________k i l l
NagC 0^ WaEC 0^ 10.25 34
KgC KHD Oj 10.15 7
NaCl 10.32 1?
831 10.32 11
Table 2.--Comparison of Fungicidal A c tiv ity  o f Sodium and Potassium 
Dimethyl- and D i-n-propyldith iooarbam ates,
D erivative
C oncentration Per cent k i l l
(m olar) XT oleracea H. sativum  M. f  rue t i c  0 la
Sodium 5x10”? mm 100 100
dimethyl 1x10-3 8k 50 100
Sodium 5*10-3 mm 5 11
d i-n -p ro p y l 1x10“ 3 146 8 k
Potassium 5x10*3 mm 100 100
dim ethyl 1 x 1 0 -3 75 36 83
Potassium 5x10*3 •mm 0 20
d i-n -p ro p y l lxlQ-3 2k 0 k
Table 3•"•In fluence of Harvesting Medium on G em ination of
A. o leracea spores.
Average per cent k i l l  in  two t e s t s
Harvesting Medium
Spore wash T rito n  X-100 £ ) is ti l le d  w ater
D is t i l le d  w ater 66 91
T rito n  X-100 55 82
Seduced germ ination was also  ev ident w ith  spores obtained from 
cu ltu re  in  d i s t i l l e d  w ater and washed w ith  T rito n , Although removing
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conidia from cu ltu re  in d ig t i  1 lod w ater had. l i t t l e  d e le te rio u s  
e f fe c t  on spore germ ination in. these  p a r t ic u la r  t e s t s ,  a more 
su itab le  method fo r  c o lle c tin g  conidia was d esired .
This was based on the supposition  th a t  m a te ria ls  on the 
su b stra te  may influence th e  fu n g ic id a l e f fe c t  of th e  dimethyl 
d e r iv a tiv e s . These substances, i f  sorbed by the spores, might 
p re c ip ita te  the d e riv a tiv e s  or in a c tiv a te  them by ad so rp tio n . Such 
an e f fe c t  could a l t e r  the s o rp tio n -to x ic ity  r a t io .  Consequently, 
the fu n g ic id a l e f fe c t  of the dimethyl compound was examined ag a in st 
conidia harvested  dry .
To evaluate  t h i s  e f fe c t  spores were harvested from 
c u ltu re  w ith deionized w ater*  (wet method) and by vacuum (dry  
method), u sing  a modified cyclone se p a ra to r. Following spore 
washes, both groups of spores were f in a l ly  suspended in  an aqueous 
so lu tio n  of 500 ppm of T rito n  X-100. AH trea tm en ts  evaluated 
w ith  the dim ethyl compound a t  1x10”^ m olar, were rep lic a ted  tw ice .
R esults from th i s  work are  presented in  Table & 
g rea te r percentage of spores removed from c u ltu re  by th e  dry method 
were k i l le d  by the  dimethyl homolog. The in te re s tin g  po in t in  th i s  
work was the r e la t iv e  in e ffe c tiv en ess  of spore r in se s  to  remove 
th e  m ateria l or m a te ria ls  th a t apparen tly  in a c tiv a te  the  fu n g ic id e . 
Since th ese  substances could in fluence re te n tio n  or a c tu a l so rp tio n  
in  or on the spores, conid ia in  subsequent work were removed from
* Deionized w ater was prepared by e lu tin g  d i s t i l l e d  w ater through 
a column contain ing  a 1 cation -an ion  exchange r e s in  (Amberlite 
MB-2, F isher Chemical Company)
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Table 1+*““E ffec t of the Method of Horvesting Spores from Culture 
on the  Fungicidal E ffectiveness of the Dimethyl D erivative
(1 x 1CP3 m olar), ___  ____
Average per cen t k i l l  in  two t e s t s
Method of spore removal from cu ltu re
Fungus species Wet Dry
A, oleracea 10 80
H. ’sativum ' 18 6U
C ompar ison Te s t Data 5% 1% Significance
A, o leracea (wet v s , d ry) t 35.O U.3 9 .9 1%
H, sativum (wist v s . dry) t 23.0 1+.3 9 .9 X%
c u ltu re  w ith  vacuum.
Although s a tis fa c to ry  g em in a tio n  r a te s  of H. sativum 
spores were obtained w ith the  vacuum method, germ ination of 
A, o leracea spores remained q u ite  low and use o f th e  fUngus 
was d iscon tinued .
D esorption of th e  Dimethyl and D i-n-propyl D e riv a tiv e s ,—Although
the chemical p ro p e rtie s  of the  dimethyl and d i-n -p ro p y l d e riv a tiv e s  
a re  c lo se ly  s im ila r , th e  p hysica l c h a ra c te r is t ic s  of th e  d i-n -p ro p y l 
compound may be markedly influenced by the a d d itio n a l CBg groups. 
Thus even though so rp tion  o f th is  d e riv a tiv e  was s im ila r to the 
dim ethyl homolog, the compound might be re ta in ed  le ss  strongly  
in  or on the spore. Since a 11£> ml wash volume was used in  e a r l ie r  
work (29) to  remove extraneous fung ic id e , i t  was considered th a t  
such a wash volume might desorb unequal amounts of th e  compounds. 
This p o s s ib i l i ty  was of p a r t ic u la r  importance in  ra d io tra c e r  work.
Since i t  was not possib le  a t  t h i 3 po in t to  evaluate  
the  e f f e c t  of wash volumes on deso rp tion , p er cent k i l l  was 
se lec ted  as an index of the e ffe c t o f spore r in se s  on desorp tion  
of the d e r iv a tiv e . Three rin se  volumes were te s te d ;  2 , 10, and 
[(.5 ml. A fter f i l t r a t i o n  of the spore-fungioide suspension to  the
1 ml le v e l ,  the v ia l  was washed w ith  2 ml of d i s t i l l e d  w ater, and
the r in s in g  emptied in to  th e  f i l t e r  u n i t .  The rem aining volumes 
of th e  10 ml and U-5 Ial  r in s e s  were added in  portions of 3 aad 5
Data from th is  work are l i s te d  in  Table 5» -^ s would
be expected maximum k i l l  re su lted  when spores were washed w ith 
the  le a s t  r in se  volume. Cfemination of M. f ru c tic o la  spores was 
p roportional to  volume of wash, w hile the 10 and I4.5 ml washes
desorbed approximately the same amount of the dim ethyl d e riv a tiv e
from H. sativum sp o res. Since th e  d i-n -p ro p y l homolog was r e la t iv e ly  
non-toxic i t  was not possib le  to  evaluate the e f fe c t  of r in se s  on 
d i-n -p ro p y l-tre a ted  spores. As i t  was no t possib le  a t  th i s  po in t 
to  determine q u a n tita tiv e  desorp tion  w ith ra d io tra c e r  compounds, 
the  10 ml wash volume was se lec ted  fo r  use in  subsequent re se a rch .
This was the sm allest volume th a t  could be used w ith  a minimum 
spore loss (approxim ately 1 per c e n t) .
Ref in e ment of h ad io trace r Procedures
The re la tio n s h ip  between so rp tio n  and fu n g ic id a l a c t iv i ty  
of th e  d ia lky ld ith iocarbam ates, was in v estig a ted  using  th e  S^5 -  la b e l­
led dimethyl and d i-n -p ropy l d e r iv a tiv e s . As e a r l i e r  r e s u l ts  on 
so rp tio n  of th e  3cdium d e riv a tiv e s  were to o  v a ria b le  for c o r re la tio n
( 29) ,  two p o s s ib i l i t ie s  appeared evident a t  th i s  p o in t: l )  modify 
e x is tin g  techniques, and, more b a s ic a lly  2) loca te  the s i t e  or 
s i te s  o f sorp tion  by autoradiographic an a ly s is  of spore sections* 
Although the f i r s t  of th ese  was se le c te d , prelim inary  work on th e  
l a t t e r  was s ta r te d .
For o r ie n ta tio n  in  the prelim inary  phases of the so rp tion  
work, c e r ta in  procedures used e a r l ie r  were followed ). Five ml 
of th e  S-^ 5 - lab e lled  fungicide so lu tio n  were added to  v ia ls  con­
ta in in g  an equal volume of spore suspension. The v ia l s ,  capped 
w ith  gum rubber-lined  l id s ,  were ro ta te d  end over end during the  
exposure p erio d . C ontrols ( d i s t i l l e d  w ater su b stitu ted  fo r the  
spore suspension) were run w ith  each compound. The spores were 
separated  from the fungicide so lu tio n  by f i l t r a t i o n .  The f i l te r e d  
spores and con tro l f i l t e r  d isc s  were then  washed w ith  nine 
successive 5--ml portions of d i s t i l l e d  w ater. One ml was re ta in ed  
in  the f i l t e r  u n it between each wash. The end of f i l t r a t i o n  m s 
timed to  coincide w ith  the  end of th e  exposure period . A fter d ry ing , 
the f i l t e r  d isc m s  measured fo r  beta a c t iv i ty  w ith  a Geiger tube 
and lin e a r  s c a le r .  R adioactiv ity  was determined over a 20-minute 
period and recorded in  counts per minute {0/l&)»
Fungicidal a c t iv i ty  m s  determined concurren tly  under 
cond itions s im ila r to  the ra d io tra c e r  work.
R etention of th e  Dimethyl Compound by the F i l t e r  D isc .--E xtensive 
v a r ia b i l i ty  in  the ra d io a c tiv ity  of the re p l ic a te  f i l t e r  d isc s  in  
e a r l i e r  work ( 29) could b® a t t r ib u te d  to  the f i l t e r  u n it  por se, to
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spore lo ss  during f i l t r a t i o n ,  or to  absence of a  spore monolayer 
on the c e llu lo se  f i l t e r .  The f i l t e r  assembly as  the source of 
v a r ia b i l i ty  was favored fo r  sev e ra l reasons. F i r s t  of a l l ,  w ith 
th e  low ra d io a c tiv ity  per spore ind ica ted  in  previous work ( 29) ,  
a loss of nearly  a l l  spores would be necessary to  account fo r 
re p lic a te  v a r ia t io n . Seoond, th a t  a monolayer of spores was 
obtained on th e  c e llu lo s ic  f i l t e r  (IVhatman Wo. 50) was v e r if ie d  
by microscopic exam ination. Third , re p lic a te  v a r ia t io n  of the spore 
sample was s im ila r  to  th e  co n tro l f i l t e r  u n i t s .  Therefore, i t  was 
evident th a t  v a r ia b i l i ty  should be associa ted  w ith  the f i l t e r  
d isc  u n i t .
D ifferences in  re ten tio n  of the  rad ioactive  compounds 
in  or on the ce llu lo se  f i l t e r  may cause th is  v a r ia b i l i ty  in  a c t iv i ty  
of th e  c o n tro l f i l t e r  d is c .  To determine the influence o f the 
paper f i l t e r s  on fungicide re te n tio n , 3 s ta in le s s  s te e l  f r i t s  
were se lec ted  a t  random and f i t t e d  w ith ce llu lo se  paper c i r c le s .
Ten ml of th e  ra d io a c tiv e  dimethyl d e riv a tiv e  were th en  f i l t e r e d  
through each paper d isc  using  a p ressure o f 7«5 p « s . i .  The f i l t e r s  
were drained fo r one minute under vacuum a f t e r  the disappearance 
of f re e  liq u id , and then d ried  in  a vacuum d e s ic c a to r . The d isc 
was measured fo r  r a d io a c t iv i iy . The t e s t  m s  repeated a f t e r  the 
s ta in le s s  s te e l  u n it  was washed thoroughly and checked fo r  rad io ­
a c t iv i ty  above background. Five such f i l t r a t i o n s  were made w ith 
th e  same f i l t e r  d is c .  R adioactiv iiy  i s  ind ica ted  in  counts per 
minute (c/ m) .
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Data a re  presented in  Table 6 . Marked d iffe ren ces  in  
a c t iv i ty  occurred among f i l t e r  pap®* c i r c le s  w ith  th® same f r i t ,  
and, as would be expected , between f r i t s .  T herefore , such 
d iffe ren ces  in  re ten tiv e n ess  by the  c e llu lo se  f i l t e r s  could mask 
moderate so rp tio n  d iffe ren ces  by the spores.
R ela tion  of F i l t r a t io n  Pressure and Fungicide R eten tion .--S in ce  
f i l t r a t i o n  pressure was sometimes d i f f i c u l t  to  c o n tro l,  th i s  
v a r ia b i l i ty  may a lso  in fluence th e  amount o f compound re ta in ed  by 
the  f i l t e r .  To determ ine whether re te n tio n  of the  compound by th e  
f i l t e r  was c o rre la te d  w ith  f i l t r a t i o n  p re ssu re , rad io ac tiv e  fu n g i­
cide so lu tio n s were f i l t e r e d  through the u n i t  a t  v arious p re ssu re s .
R esults obtained a re  l i s te d  in  Table 7» V a r ia b ility  
per se is  not re la te d  to  f i l t r a t i o n  pressure and is  n o t, th e re fo re , 
a function  of fungic ide r e te n tio n .
E ffec t of Pre-Treatm ent o f -the F i l t e r  Paper on R eten tion .--S in ce  
non c e llu lo s ic  m ateria ls  in  th e  f i l t e r  paper may p re c ip ita te  th e  
d ialky ld ith iocarbam ates and thus co n trib u te  to  v a r i a b i l i ty ,  a ttem pts 
were itade to  f re e  th ese  substances from th e  f i l t e r .  F i l t e r  paper 
(Whatman No. ^0) c i r c le s  were bo iled  fo r  5 minutes in  a 0 .5  normal 
ammonium ch lo rid e  so lu tio n  (prepared by mixing O.5  normal 151 with 
an equal volume of an equinormal so lu tio n  of ammonium hydroxide).
The hot liq u id  was decanted and the f i l t e r  c i r c le s  tra n s fe rre d  to  
a c lean  beaker. Deionized w ater was added, bo iled  fo r 5 m inutes, 
and the liq u id  removed. This was repeated u n t i l  t t e  t e s t  fo r 
ammonia in  the f i l t e r s  was n eg a tiv e . U sually only th ree  washings
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Table 6 . —R etention  of th e  Dimethyl Compound by the C ellu lo se
F i l t e r .
R ad ioac tiv ity  as based on 0/M
F i l te r d isc number
R eplicate  number ID'— ' 12 ....... 23
1 101 62 77
2 99 84 283
X
V 75 2i|6 119
k 54 331 252
5 309 27k 29k
Table 7 .—E ffec t o f F i l t r a t io n  P ressure on Retention o f the 
Dimethyl Compound.
R etention of th e  
t re a te d  f i l t e r  d isc s F i l t r a t io n
based on C/M pressure
F i l t e r  d isc above background ( p . s . i . )
20 210 15
291 20
272 4°
k 320 15
295 20
268 40
in  b o ilin g  deionized w ater were necessary to  leach  the ammonia 
from the f i l t e r s .  C ontrols were prepared concurren tly  su b s ti tu tin g  
deionized w a te r . A fter trea tm en t, th e  o e llu lo ae  c i r c le s  were 
immersed in  deionized w ater u n t i l  ready fo r  u s e .  To evaluate 
the  in fluence o f tine tre a tm e n ts , a sing le  f i l t e r  f r i t  was used 
to  f i l t e r  the rad io ac tiv e  dimethyl compound. R adioactiv ity  is  
expressed in  counts per minute ( c / M ) .
Data from th is  work are l i s te d  in  Table 8 . The ammonium 
ch lo ride  treatm ent considerably  reduoed v a r ia tio n  in  re te n tio n  of 
the fungicide by the f i l t e r  paper d is c s . Although v a r ia t io n  wag
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Table 8. — Retention of the  Dimethyl D erivative by F i l t e r  Paper 
Treated w ith  Ammonium C hlo ride .
F i l t e r  paper treatm ent
deten tion  of th e  tre a te d  
f i l t e r  d iscs  based on 
c/M above c o n tro ls
Ammonium ch lo rid e 175
102
97
100
Deionized w ater 407
250
95
221
s a t i s f a c to r i ly  reduced by t h i s  trea tm en t, pore s iz e  of the c e l lu -  
lose f i l t e r  was so g rea tly  en larged , th a t  M. f ru c tic o la  spores 
and sm aller spores of H. sativum were not separated by the f i l t e r  
from suspension. In subsequent work, spores were co llec ted  on 
p la s t ic  "M illipo re” f i l t e r s  (Lovell Chemical Company).
Other Sour eeg of V a r ia b il i ty . —In e a r l i e r  work, l id s  o f the screw-cap 
v ia ls  were lined  w ith  w hite gum-rubber sheeting  to  reduce spore 
loss during a g ita t io n  of the  spore-fungicide suspension. Although 
th ese  l in e rs  and the ad d itio n  of the surface ac tiv e  agent reduced 
spores lo ss  to  the 1 per cent lev e l ( 29) ,  o ccasionally  spores of 
H. sativum adhered to  the gum-rubber l in e r .  These spores, which 
were extrem ely d i f f i c u l t  to  remove by ord inary  r in s in g  procedures, 
obviously were not adequately exposed to  the  to x ican t daring th e  
exposure p eriod . Since none o f the l in e rs  te s te d  were s a tis fa c to ry , 
screw caps in  l a t e r  ra d io tra c e r  work were not lin e d .
Another source of v a r ia b i l i ty  re su lte d  from the lo ss  
of spores between th e  f i l t e r  d isc  and the main f i l t e r  u n it*  With 
a pressure of approximately 7»5 p » s . i .  during f i l t r a t i o n ,  th e  
surface of the f i l t e r  f i t t e d  t ig h t ly  ag a in s t th e  f i l t e r  cone. When 
pressure re leased  a t  th e  end of f i l t r a t i o n  or between a d d itio n s  of 
r in s e  volumes, liq u id  would occasionally  seep between the  cone 
and disc* This re su lted  in  clumping of the spores a t  th e  edge of 
th e  f i l t e r .  Since th i s  would r e s u l t  in  reduced measurable rad io ­
a c t iv i ty ,  clumping could r e s u l t  in  serious e r ro r .  To c o rre c t t h i s ,  
a new f i l t e r  u n it was designed and b u i l t  (F ig . 1 ) .
The assembly consis ted  of two p a r ts :  the  f i l t e r  housing 
and th e  f i l t e r  d is c .  In the  f i l t e r  d isc recess a t  tbs base of 
the  housing u n it  a rubber O-ring was in se rted  to  r e ta in  the  d isc  
t ig h t ly  a g a in s t th is  housing u n it  during f i l t r a t i o n .  T h e 'd isc , 
f i t t e d  w ith  a coarse ceramic f i l t e r  (Kauffman and Lattim er) was 
covered w ith  a c e llu lo se  f i l t e r  ('Whatman No. 50) c i r c l e .  The 
p la s t ic  f i l t e r  was then placed on th e  upper surface of the c e l lu ­
lose  paper. This prevented rup tu re  of the d e lic a te  p la s t ic  
membrane by the ceramic f i l t e r .
I t  was considered adv isab le  before proceeding w ith  
so rp tion  s tu d ies  to  determine the e ffe c tiv en e ss  o f the f i l t e r  u n it 
w ith  respect to  spore d is tr ib u tio n  and r e la t iv e  number o f spores 
on th e  p la s t ic  f i l t e r .  In a d d itio n , i t  was of in te re s t  to  know 
whether s ig n if ic a n t d iffe ren ces  in  number and d is tr ib u tio n  of spores 
occurred between a liq u o ts  o f th e  same and sep ara te ly  prepared spore 
suspensions.
O.D.
O.D.
1 1!L 1  I T
1 —■L 16
m rn m m
Figure 1 . Diagrammatic Median Longitudinal Section of F ilte r  Unit
G- C ellulose f i l t e rA- 1© ml le v e l
B- 6 ml le v e l  
C- 1 ml le v e l  
D- S ta in less s t e e l  
f i l t e r  cone 
E* Rubber "0" ring  
P- Micropore f i l t e r
Ceramic f i l t e r  
I -  S ta in less s te e l  
f i l t e r  d isc  
J- "0” ring groove 
K- Threaded o u tle t
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P a r t ic u la r  care  was used in  removing a l iq u o ts  from the  
s tock  spore suspension  to  o b ta in  re p re se n ta tiv e  samples of spores* 
Spore suspensions were p laced  in  100 ml graduate  c y l in d e rs ,  and 
in v e rted  th re e  t im e s . The t i p  o f a  5 ml vo lum etric  p ip e t te  was 
th en  im m ediately immersed 10 ml below th e  su rface  o f  th e  su sp en sio n , 
and the  sample removed w ith in  I 5 to  20 seconds.
F ive ml o f th e  spore suspension  were added to  an equal 
volume of the  fu n g ic id e  s o lu tio n  con ta ined  in  a 15- ml screw-cap 
v i a l .  The p la s t i c  cap was u n lin e d . Follow ing th e  sp o re -fu n g ic id e  
c o n tac t p e r io d , th e  su sp a is io n  was f i l t e r e d  a t  2 p . s . i .  The 
p la s t i c  f i l t e r s  w ere removed from th e  f i l t e r  d isc  and mounted on 
a g la s s  m icroscope s l i d e .
The f i l t e r  d isc  was d iv ided  in to  3 equal a r e a s ,  hach 
a re a  was sampled by s e le c t in g  I 5 random f i e ld s  u s in g  the  lOx 
o b je c tiv e  o f  th e  c i r c u la r  s tag e  m icroscope.
Data from th e  sam plings are given in  Table 9» The 
l e t t e r s  A and B o f  the sample number r e f e r  to  d i f f e r e n t  m aster 
spore su sp ensions, w hile th e  number in d ic a te s  th e  r e p l i c a t e .  
D iffe ren ces  in  spore number and spore d is t r ib u t io n  between a reas  
and between t e s t s ,  u s in g  th e  same o r a s e p a ra te ly  prepared  spore 
su sp en sio n s, a re  no t s ig n i f i c a n t .  Of* th e  315 f i e ld s  examined 
clumping o f spores was nev er observed .
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Table 9 •--Spore D is tr ib u tio n  on P la s t ic  F il te r*
Sample Number of spores per a rea
number D erivative A I C T o ta l
A -l Dimethyl 545 604 568 1717
A-2 do 647 513 556 1716
a-3 do 531 569 566 1666
B~1 do 576 557 504 1637
A -l D i-n-propyl $16 639 782 1937
A—2 do 537 596 687 1820
B-2 do 556 468 373 1397
Source D .f. Ss Ms. F F.O'l
Treatment 6 3*734*1 622.4 1*45 4.82
Area 2 82*3 41.1 0,10 6.93
In te r ­ 32 5,146.1 428.8 1.65 2.25
ac tio n
E rro r 294 76,547*2 260.4
Techniquea Adopted
At th is  stage in  th e  development and m odifications of 
methods, i t  was believed th a t  v a r ia b i l i ty  had been s u f f ic ie n t ly  
in v estig a ted  to  re v ise  the bioassay and ra d io tra c e r  procedures* 
D eta ils  of th is  phase a re  as fo llow s: Fungus spores were removed
from c u ltu re  w ith  vacuum and suspended in  deionized water* The 
suspension was then f i l t e r e d  -through two lay e rs  of cheeseclo th  
and the spores fu r th e r  separated  from m ycelial fragments by 3~on© 
minute c e n tr ifu g a tio n s • The f in a l  spore suspensions of H. sativum 
and M. fructico la . were ad ju sted  w ith  $00 ppm aqueous so lu tio n s  o f 
T rito n  X-100, to  \50,000 a^d 100,000 spores per ml, respective ly*
At in te rv a ls  of 10 m inutes, 5 ml  bhe spore suspension were 
p ip e tted  in to  a I 5 ml screw-cap v ia l  con tain ing  an equal amount of 
the fungicide so lu tio n . The v ia l  was then  ro ta te d  end on end during
2k
th e  exposure p e rio d . Spores o f M. f ru c tio o la  and H. sativum were 
exposed fo r 1 and 2k hours, re sp e c tiv e ly . Treatments in  the 
so rp tio n  and bioassay t e s t s  were randomised to  red'ace v a r i a b i l i ty .
Follow ing t t e  c o n ta c t p e r io d , 9 ®1 of th e  suspension 
were f i l t e r e d  under a  te n s io n  of 2 p . s . i .  The un lined  v i a l  cap 
and v i a l  were th en  r in se d  w ith  2 ml o f de io n ized  w a te r  and the  
r in s in g s  added to  th e  f i l t e r  u n i t .  A fte r  adding  an a d d it io n a l  
3 m l, th e  suspension  was ag a in  withdrawn to  t i e  1 ral le v e l .  The 
in s id e  o f  the u n i t  was th sn  washed w ith  an  a d d it io n a l  5 ml» F in a l 
f i l t r a t i o n  was s tan d ard ized  by ex tending  f i l t r a t i o n  1 minute 
beyond the  d isappearance  o f f re e  l iq u id  from th e  f i l t e r  s u rfa c e .
The p la s t ic  f i l t e r  was then removed and d ried  in  a covered P e tr i  
d ish . B©ta a c t iv i t y ,  measured in  counts per minute (c/ m) ,  was 
estim ated w ith  a Geiger tube and l in e a r  s c a le r .  Twenty-minute 
counting periods were used. R ad ioactiv ity  values rep resen ting  
the ex ten t o f so rp tion  in  o r on the tre a te d  spores were obtained 
by su b trac tin g  the ra d io a c tiv ity  o f the ap p ro p ria te  con tro l f i l t e r  
from the  r a d io a c tiv ity  of th e  f i l t e r  bearing the  tre a te d  spores.
In the  bioassay work, spores were removed from the f i l t e r  
w ith  1 ml of deionized w ater and the  re s u lt in g  suspension adjusted  
w ith  an equal volume of 1 per cen t u ltra c e n tr ifu g e d  orange ju ic e .  
Drops of th e  spore suspension, p ip e tted  onto s il ic o n e - tre a te d  s l id e s ,  
were placed in  w ater-sealed  P e tr i  d ishes and incubated a t  20° C. 
A fte r 20-2l|. hours, per cent spore germ ination was c a lc u la te d .
Autoradiography of Spore Sections
Since s i t e  of fu n g ic id a l ac tio n  of the d ia lk y Id ith io -  
carbamates probably occurs w ith in  the spore, i t  was im portant to  
d is tin g u is h  ex te rn a l and in te rn a l so rp tio n  of the  compounds*
Several approaches were considered: (1) f ra c tio n a tio n  
of the spore and measurement of r a d ic a c tiv i ty  of the fragm ents; 
and (2) autoradiography of spore s e c tio n s . To determ ine spore 
w a ll adso rp tion  and absorp tion  in  the protoplasm  by f ra c tio n a tin g  
sp o res, would be extrem ely d i f f i c u l t .  Since p rec ise  measurement 
o f so rp tio n  by th e  spore w a ll and protoplasm  is  dependent on 
complete and separate  recovery of the fragm ents, o r recovery of 
re p re se n ta tiv e  samples o f known amount o f each component, t h i s  
approach could re s u l t  in  considerable e r r o r .  In ad d itio n  to  these  
sources o f e r ro r ,  separation  of the  debris  w ith in  a liq u id  medium, 
could resu It in  uneven desorp tion  of the compounds from the  
fragm ents. Therefore, a more d ire c t  and le ss  severe method was 
considered necessary fo r  d if f e r e n t ia t in g  between so rp tion  in  or 
on the spore w all and in  the protoplasm .
Autoradiography appeared admirably su ited  fo r  t h i s  work. 
With th is  techn ique, lo ca tio n  of the ra d io a c tiv e  compounds could 
be determined in  s i t u . The degree of re so lu tio n  requ ired  t o  id e n tify  
s i te s  of beta emission from in t r a c e l lu la r  s tru c tu re  probably would 
be o f th e  o rder o f a few m icrons. One of th e  f a c to rs  necessary to  
ob ta in  such d e f in it io n  is  the use of an iso tope w ith a r e la t iv e ly  
short range of ra d ia tio n  (35)» ^e&k beta  em itte rs  such as
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and have a resp ec tiv e  maximum rang© of ra d ia tio n  of 90 and 100
2C
microns (1 0 ). T herefore, exposure o f sec tions of S-'- -  lab e lle d  
c e l l s  to  nuclear tra c k  emulsions could r e s u l t  in  an image too  
d iffu se  to  loca te  the source of ra d io a c t iv ity .  This disadvantage 
may be o f f s e t  by reducing exposure time and lengthening the period 
of emulsion development, a technique th a t  Campbell ( 5) found 
su ccessfu l. Although t r i t iu m , a hydrogen iso tope w ith a very 
sn o rt range o f  ra d ia t io n ,  was more app licab le  th an  J to  th is  
problem, chemical procedures fo r  the su b s ti tu tio n  o f t h i s  element 
in to  th e  d ia lkyId ith iocarbam ate molecule were not a v a ila b le . 
T herefore , th e  S -  lab e lle d  fungic ides were used in  prelim inary  
work.
During p rep ara tio n  o f th e  spores fo r  autoradiography, 
i t  was necessary to  av o id , or a t  le a s t minimise, desorp tion  of 
the ra d io a c tiv e  fu n g ic id es. Furtherm ore, i t  was im portant to  avoid 
th e  exposure of rad io ac tiv e  m ate ria ls  o ther than the tre a te d  spores 
to  th e  photographic emulsion. D e ta ils  of th e  procedure were as  
fo llow s: a f te r  conventional f i l t r a t i o n  of the rad io ac tiv e  so lu tio n ,
th e  spores were removed from the f i l t e r .  This was accomplished by 
coating  another nonradioactive p la s t ic  f i l t e r  w ith  1 per cent 
g e la tin  and p ressing  th e  sp o re -g e la tin  su rfaces firm ly to g e th e r .
This u su a lly  re su lte d  in  removal of a t  le a s t  ^0 p e r cen t o f the 
spores from the f i l t e r .  To prevent lo ss  of spores and to  reduce 
leaching  of the fungic ide from th e  spores during p rep ara tio n  fo r  
imbedding, th e  f i l t e r  siirface was coated w ith  a th in  film  of 1 per 
cent g e la t in .  A fter a ir -d ry in g  fo r approxim ately 12 hours, the
f i l t e r  -was cu t in to  one-qurarter-inch squares which were immersed 
in  the f ix a t iv e ,  a so lu tio n  of a lco h o l, fo rm alin , and a c e tic  acid 
( lO O jls l) , A fte r 1+B hours, the  specimens ware dehydrated by 
immersing them in  in creasin g  concen tra tions o f e th y l a lcohol 
( 3®» 5O, 70* 80* 95* anc  ^ 100 per c e n t) .  P rio r to  imbedding in  
p a ra f f in ,  spores were i n f i l t r a t e d  w ith  benzene. Sections 5 
microns th ic k  were cut w ith  th e  s lid in g  microtome and a ffix e d  to  
g lass  microscope s lid e s  coated w ith  albumin. To lc-cate the sources 
o f r a d io a c t iv ity ,  tra c k  autoradiography (paths of th e  ra d io ac tiv e  
p a r t ic le s )  was considered raost d e s ira b le . Liquid emulsion
(Eastman Kodak) was ap p lied  to  th e  mounted sec tio n s  w ith  a medicine 
dropper, Two drops o f the  emulsion applied  per square inch 
re su lte d  in  a th ickness of about 5 m icrons. The emuIsion, which 
in  the liq u id  form is  in se n s itiv e  to  background r a d io a c t iv i ty ,  
was a ir -d r ie d  a t  room, tem perature. The sec tio n s  were exposed, to  
th e  emulsion in  lig h t-p ro o f co n ta in ers  a t  5° C fo r  8 , 12, and 
2ii, hou rs. The autoradiographs were developed w ith amidol-sodium 
s u l f i te  and fixed  w ith  F-2J4. (Eastman Kodak),*
At m agnifications of 6i-t5, th e re  was no evidence in  the 
emulsion of beta  em issions from the spore sec tio n , although the 
presence of randomly d is tr ib u te d  reduced s i lv e r  g ra in s , ind ica ted  
th a t  th e  emulsion was se n s itiv e  to  background ra d io a c t iv ity .  The 
absence of ra d io a c t iv ity  from the spore sec tio n  may be a t tr ib u te d  
to  poor con tac t between th e  emulsion and the specimen.
* A. L0ig ,  o f B& ttelle Memorial I n s t i tu te  prepared the  au to rad io ­
graphs.
Antecedent E ffect of Carbon Source on
S u sc e p tib ility  to  Dime thy Id I t  h i c c a r  b ama t  a
Since complex carbon sources, in  g en era l, are more s u i t ­
ab le  fo r  spore form ation than monosaccharides, i t  was of in te re s t  
to  in v e s tig a te  the influences o f th ese  sources on s u sc e p tib ili ty  
to  the dimethyl compound.
Glucose, galactose, sucrose, la c to se , and s ta rc h  were 
used as Bounces o f carbon. The fungus, Ii, sativum, was cu ltu red  
on b asa l media co n s is tin g  of 2 gm N&KtXj, 1 gm KHgPO ,^ 20 g carbon 
source, 0,2 mg o f Fe~+i' , and Zxi * t 0 ,1  mg of Mn++, and 20 g agar 
per l i t e r  o f medium. The medium was ad justed  to  pH 6 ,0  w ith  
6 normal MaCII, and autoclaved.
The in fluence of carbon source on s u s c e p tib i l i ty  was 
measured by fu n g is ta tic  e f fe c t  (2 ) ,  D ilu tio n s  of th e  compound 
were prepared w ith 500 ppra o f an aqueous so lu tio n  of T riton  X-100, 
Tests were run  in  d u p lica te .
Glucose C oncen tra tions, —The next phase of work on the in v e s tig a tio n
of antecedent e f fe c ts  o f carbon sources was concerned, w ith evalua t in g  
th e  influence of carbohydrate concentration  on s u s c e p t ib i l i ty .
Glucose was se lec ted  as the  source o f carbon becausei 1) glucose 
is  a common source fo r  the cu ltu re  of fu n g i, and 2) i t  was of 
in te re s t  to  determine the re la tio n sh ip  of morphological v a r ia tio n  
(ij.) and s u sc e p tib il i ty  to th e  dimethyl compound.
The procedure for evaluating  th e  e f f e c t  of glucose con­
c en tra tio n  on s u sc e p tib il i ty  was the same as  discussed under carbon
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souroes. C oncentrations of th e  monosaccharide vrer© v aried  between 
0,125 P€r -feats were repeated tw ice .
RESULTS AMD COKCLUSIOKS 
P ad io tracer in v e s t5g a tio n 3
In th i s  work the 3o rp tio n -to x ican t re la tio n sh ip  was 
evaluated w ith  spores of H. sativum and M« f r u c t ic o la . Since spore 
germ ination r a te s  of A, oleraoea were not s a tis fa c to ry , i t  was 
considered adv isab le  to  d iscontinue th e  use of th i s  fungus* The 
compounds, used a t  a f in a l  concen tra tion  of 1x10“^ molar,were 
prepared d ire c t ly  from d i lu te  so lu tio n  and buffered  w ith  the 
carbonate b u ffe r  system. O rdinarily  two re p lic a te s  were used fo r  
eaoh trea tm en t in  ra d io tra c e r  and bioassay work* Since i t  was 
necessary to  increase  th e  number o f  ra d io tra c e r  treatm ents in  
c e r ta in  experim ents, bioassay work in  these  t e s t s  was lim ited  to  
a spore g em in a tio n  assay to  check spore v ia b i l i ty .
E ffe c t of the Radioactive Compounds on the Teat Fungi*—Since i t  
was advisable to  determ ine th e  influence of ra d io a c tiv ity  a t  the 
lev e l used in  so rp tion  work, the fu n g ic id a l e ffe c t o f rad io ac tiv e  
and nonradioactive so lu tio n s of the  d ialkydithiooarbam ates were 
compa red.
Data from t h i s  i n i t i a l  to s t  are presented in  Table 10. 
F ungicidal a c t iv i ty  of rad io ac tiv e  and nonradioactive compounds 
were s im ila r  fo r both fungus sp ec ies . Furtherm ore, th e  fu n g ic id a l 
d iffe ren ce  between dimethyl and d i-n -p ropy l homologs i s  a lso  
apparent w ith  th e  t r a c e r  compounds.
Sorption of Dimethyl- end D i-n-propyld ith locarbam ate.—Since rad io ­
a c t iv i ty ,  as measured by fu n g ic id a l e f f e c t ,  did not influence
s e n s i t iv i ty  o f the  spores to  the compounds, an in v e s tig a tio n  of the
JO
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Table 10#—‘Fung ic id a l  E f fe c ts  of th e  R adioactive and 
Dimethyl and D i-n -p ropy l Homologs.
N onradioactive
Average p e r cen t k i l l  in  two t e s t s
Fungus
sp ec ie s D eriv a tiv e
R adioactive
trea tm en t
Nonradioactxve 
trea tm en t
H. sativum Dimethyl
D i-n -p ropy l
75
5
73
7
M. f r u c t ic o la Dimethyl
D i-n -p ropy l
96
39
100
4o
r e la t io n s h ip  of so rp tio n  and fung i t o r i  c i  ty  -was now ju s t i f ie d *
R esu lts  fro x  th i s  t e s t  a re  l i s t e d  in  Table 11. S o rp tio n  o f th e  
d i-n -p ro p y l compound was g re a te r  than  th e  more fu n g ic id a l d im ethyl 
d e r iv a tiv e #  A lthough the  so rp tio n  d i f f e r e n t i a l  occurred w ith  bo th  
fungus s p e c ie s , the  magnitude o f th e  d if fe re n c e  was le s s  w ith  
M, f r u c t io o l a ,  as a lso  were d i f f e r s r c s s  in  fu n g ic id a l a c t i v i t y .
D esorp tion  o f th e  Dimethyl and D i-n -p ro p y l Compounds.--Although
so rp tio n  appeared in v e rse ly  re la te d  to  fu n g ic id a l a c t i v i t y ,  i t  had 
n o t been co n c lu s iv e ly  dem onstrated th a t  so rp tio n  d if fe re n c e s  were 
r e a l .  For example, so rp tio n  o f the d e r iv a t iv e s  may be s im ila r ,  b u t, 
assuming r e te n t io n  i s  p ro p o r tio n a l , w ith in  l im i t s ,  to  a l ip h a t ic  
ch ain  le n g th , th e  dim ethyl compound could have been desorbed more 
re a d ily  by f i l t r a t i o n .  T h e re fo re , i t  was necessary  to  determ ine 
w hether the  compounds were desorbed d i f f e r e n t i a l l y .  To a s c e r ta in  
th e  e f f e c t  of th e  r in s e  on d e so rp tio n , th e  sp o re -fu n g ic id e  suspension  
was tra n s fe r re d  d i r e c t ly  to  th e  u n it  and th e  spores f i l t e r e d  w ith o u t 
w ashing. In  con junction  w ith  t h i s  w ork, a s im ila r  t e s t  u s in g  th e  
ro u tin e  10 ml spore r in s e  was ru n . In t h i s  work, the  b ioassay  was
Table 11,—Sorption and Fungicidal E ffec t of  Potassium Dimethyl- 
and D i-n-propyldithiocar'baraates.
Sorption 
based on
Fungus c/M above 
species D erivative K eplication con tro l
FUngieidal 
e f fe c t  based 
on per cent 
k i l l
H. sativum Dimethyl 1 13 75
2 23
w . " IF
D i-n-propyl 1 15? 4
2 li+7
17 . '152’
M. f ru c tic o la  Dimethyl 1 18 96
2 23
Av. “21
Di-n-propyl 1 65 39
2 68
Sv,
Comparison Test Data c,<iO- 1% S ignificance
E. sativum t  19.1 4 .3 9.9 1%
(methyl v s . propyl)
M. f ru c t ic o la  t  15*3 k .5 9.9
(methyl v s . propyl)
lim ited  to a spore v ia b i l i ty  t e s t ,  to perm it a g rea te r  number o f
ra d io tra c e r  trea tm en ts .
? e su its  from, th is  'w•ork are presented in  Table 12. »ot
only traa le ss  dimethyl aorbod by spore>3, but a much g rea te r  pro-
p o rtion  of th a t sorbed was removed by th e  washes; wh a t is h e ld .
ig loosely  h e ld . Since the same so rp tion  re la tio n sh ip  also  oocurred 
w ith the re sp ec tiv e  co n tro ls  ( p la s t ic  f i l t e r s ) ,  apparently  the 
adsorp tive  p ro p e rtie s  of the  d i-n -p ropy l compound are  markedly 
d if f e re n t  from th e  dimethyl homolog.
Table 1?.-~Desorp-bi.cn of Dim ethyl- and Di-n-propyIdithioc&rb&naate
___________________ from Spores o f H, sativum. _________
.Retention by sample
based on C/k Sorption by spores
above background based on C/M
D erivative_________ IJim trsheXT5ryr"^sh Dfn\vaiTTe9~'' lOrnF waih
Dimethyl 2$0 i+3 17
Dimethyl c o n tro l 187 25
D i-n-propyl 5^ -5 3^1 220 131
D i-n-propyl co n tro l 3^5 230
Sorption o f the Compounds by Dead Spores . —&s the method used in
ra d io trc c e r  work fo r  measuring so rp tion  was based on ra d io a c t iv ity
33o f the spore sample, the lib e ra tio n  of in  the form of gaseous 
su lfu r  compounds, such as carbon d isu lf id e  and hydrogen su lfide#  
could not be measured. Since fungus spores may reduce su lfu r  to 
hydrogen su lf id e  ( 3 , 13, 19# 22) th is  could account for th e  low 
le v e l of ra d io a c tiv ity  o f the  d5.methyl tre a te d -sp o re s . T herefore , 
i t  was necessary to  determine the influence of the b io lo g ica l 
system on so rp tion .
One group of spores m s  k i l le d  before exposure to  the 
compounds by heating  th e  -spore suspension to  100° 0 fo r  one minute 
(dead group). The nonheat-trea ted  group served as th e  co n tro l 
(u n trea ted  group). Data i?rom th is  work are l i s te d  in  Table lp .  
D ifference in  sorp tion  of th e  dimethyl compound by th e  dead and 
u n trea ted  groups, was not s ig n if ic a n t .  In  comparison, so rp tio n  of 
th e  d i-n -p ropy l homolog was markedly d if fe re n t  between the two 
groups of spores te s te d . These data are  evidence th a t  so rp tion  
d iffe ren ce s  can not bo a ttr ib u te d  to  th e  b io lo g ic a l system a lo n e .
3h
Table 1 3 ,-~ S o rp tio n  o f D im ethyl- and D i-n -p ro p y ld ith io carb am ate  
by H e a t- tre a te d  Spores o f  H. sativum .
D eriv a tiv e E eplica
t io n
S orp tion
based
Fre-lciTIed"
by spores 
on C/M 
U ntrea ted
K in g ic id a l a c t i v i ty  
based on 
per c e n t  k i l l
Dimethyl 1 16 15 77
2 19 19
17 . ~TE -1 7
D i-n -p ropy l 1 187 147 3
2 180 144
Av,
E ffe c t o f  Exposure D ura tion  on S o rp tion  and F u n g ic id a l A c t iv i ty ,
The f i n a l  In v e s t ig a t io n  in  t h i s  s e r ie s  o f t e s t s  was based on th e  
r e la t io n s h ip  of tim e to  so rp tio n  and fu n g ic id a l  a c t i v i t y .  S ince , 
in  p rev ious work, spores o f  H, sativum  were exposed to  th e  com­
pounds fo r  21}. ho u rs , th e  e f f e c t  o f  th e  dim ethyl compound on 
re te n tio n  o f th e  d e r iv a tiv e  was no t known, ^hus la rg e  amounts 
may be sorbed i n i t i a l l y  by th e  sp o re s , b u t r a p id ly  ex truded  as 
d ea th  o c cu rs . In  a d d it io n , i t  was a ls o  o f i n te r e s t  to  determ ine 
w hether so rp tio n  o f th e  d e r iv a t iv e s  was s im ila r  du rin g  th e  e a r ly  
p a r t  o f th e  exposure p e rio d .
In t h i s  t e s t ,  spores w ere exposed fo r  in te rv a ls  o f  f iv e  
m inu tes, one hour, and 21}. h o u rs . Since 4  t o  4*5 m inutes were 
necessary  to  complete f i l t r a t i o n  p ro ced u res , exposure p e rio d s  le s s  
th an  5 m inutes were no t p o s s ib le .
Data ob ta ined  from t h i s  work a re  g iven  in  Table 14» 
S o rp tio n  and fu n g ic id a l a c t i v i ty  o f th e  d im ethyl homolog in c reased  
du ring  th e  period  s tu d ie d . The so rp tio n  d i f f e r e n t i a l  between th e
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Table l4»—E ffec t o f Various Exposure Periods on Sorption and 
Fungicidal A c tiv ity  o f Potassium Dimethyl- and Di~n-propyldithio-> 
carbamate (lx l0~^ molar) Using Conidia o f H. sativum*.
D erivative
Exposure
period
dura tio n
Sorption by con id ia  
based on C/)l
Fungicidal a c tiv ity  
based on per cent 
k i l l
Dimethyl 5 min. 8 12
D i-n-propyl 52 8
Dimethyl 1 h r . 13 30
D i-n-propyl 102 7
Dimethyl 24 h r s . 29 52
D i-n-propyl 265 9
Comparison Test Data 5% X% Significance
Dimethyl v s . D i-n-propyl t 20 .5 4.303 9.925 1%
(5 minutes!
Dimethyl v s . D i-n-propyl t 39.01 4.303 9.925 1%
(1 hour)
Dimethyl v s . D i-n-propyl t 135.01 4.303 9.925 1%
(24 hours)
dim ethyl and d i-n -p ropy l compounds, evident w ith in  th e  f i r s t  five  
m inutes, inoreased s l ig h t ly  throughout th e  exposure period .
From th ese  d a ta ,  th e re  i s  no evidence th a t large amounts 
o f the dimethyl compound are  sorbed and then extruded by th e  spores.
Antecedent E ffec t of Various Carbohydrates on 
S u sc e p tib ili ty  of j j ,  sativum to  Dim ethyldithiocarbam ate
D ifferences in  degree o f sp o ru la tio n  and morphological 
c h a ra c te r is t ic s  were a sso c ia ted  w ith  the carbon sources, A summary 
o f these data a re  l i s t e d  in  Table 15.
Sporulation of H, sativum on the s ta ro h  medium was markedly 
g re a te r  than on o th e r carbon sources. Although the number of mono-,
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Table 15«-**Effect o f  Carbon Source on S p oru la tion , Spore Length, 
W idth, and Number o f  C e lia  (II* sa tivu m )»
Average o f 25 spores
Carbon S p o ru la tio n  per Length ¥ id t'h  Number o f
source s la n t  (1000  sp o res) (* ) ('/U.) c e l l s
Glucose 3.340 58.62 23.8 4 .5
G alactose 1,840 75.41 26.52 6 .6
Sucrose 3.740 62.56 22.98 5.0
Lactose 3,040 71.06 25.70 5-7
M altose 2,510 59.02 23.46 5 .0
S ta rch 11,235 73.61 28.35 7.2
V ariab le L.S.D . . 01 l . s . d . . o 5
Length 0.689 0.520
Width 0.287 0.216
Number o f  c e l l s 0.741 O.56O
S p o ru la tio n 3922.000 2501.000
d l - ,  and p o ly sacch arid es  t e s t e d  was l im ite d , in c reased  sp o ru la tio n
was not r e la te d  to  the  com plexity o f  th e  carbohydrate*  Of th e
d i -  and p o ly saco h a rid e s , sucros® was the  most fa v o ra b le  f o r
sp o r u la tio n . Spores harvested  from the g lu cose medium were
s ig n i f ic a n t ly  s h o r te r  and co n ta in ed  s ig n i f ic a n t ly  few er c e l l s  per
sp o re , than  th o se  from o th er carbon so u rc es . G re a te s t spore len g th
was ob ta ined  on th e  g a lac to se  medium, th e  p o o re s t s u b s tra te  f o r
s p o ru la t io n , w h ile  s ig n i f ic a n t ly  g re a te r  spore w id th  and number of
c e l l s  p e r spore r e s u lte d  on th e  s ta r c h  medium. C e ll numbers and
spore w idth  a re  r e la te d ,  bu t n o t p ro p o r tio n a lly  to  spore le n g th .
The la r g e s t  v a lu es  ob ta ined  fo r  th e se  c h a ra c te rs  were found w ith
g a la c to s e , la c to se  and s ta r c h ,  mono-, d i - ,  and p o lysaccharide
re s p e c t iv e ly .  One o f th e  most in te r e s t in g  o b se rv a tio n s  from  th i s
work was th e  u n ifo rm ity  in  s iz e  o f  th e  spores h a rv ested  from th e  
s ta r c h  medium.
E ffec t o f  Carbon Source on S u s c e p t i b i l i t y ‘Data from th is  work a re  
l i s te d  in  fa b le  16. D ifferences in  s u s c e p tib i l i ty  to  th e  dimethyl 
homolog were evident a t  2 x 1 0 molar;  spores obtained from media 
con ta in ing  galactose* la c to se , and s ta rc h  were th e  most r e s i s ta n t .  
These 3pores were harvested  by r in s in g  c u ltu re  w ith  deionized 
w ater. Such spores were longer, broader and contained a g rea te r 
number o f c e l l s  per sp o re , fhe  dimethyl d e r iv a tiv e  was le a s t  
e ffe c tiv e  ag a in st spores from th e  galactose medium. At concentra­
tio n s  of 1 x 10“^  molar and below, spores from th e  glucose medium 
w ere, in  g enera l, most su sc ep tib le . Under the conditions of th i s  
t e s t ,  s u s c e p tib i l i ty  o f H. sativum  to  the dim ethyl d e riv a tiv e  was 
influenced by the carbon source.
The pext phase o f work on th e  in v e s t ig a t io n  o f  an teced en t 
e f f e c t  o f carbon so u rc e s , was concerned w ith  g lucose c o n ce n tra tio n s  
and t h e i r  e f f e c t  on s u s c e p t ib i l i ty  o f H» sativum  to  d im ethy l- 
d ith lo ca rb am ate •
Glucose c o n c e n tra tio n s , which were v a r ie d  between 0 .125 
and 14-.0 per c e n t, in flu en ced  s p o ru la tio n , spore s iz e ,  and number 
o f  o e l ls  per sp o re . A summation o f th e  measurements o f th e se  
c h a ra c te rs  a re  l i s t e d  in  f a b le  17.
Decreasing dextrose concentration  from 1+ to  1 per cent 
re su lted  in  a th re e fo ld  increase  in  sp o ru la tio n . l i t h  concentra­
tio n s  below 1 per c e n t, spo ru la tion  decreased sharp ly . D ifferences 
in  len g th , and number of c e l ls  per spore harvested  from media con­
ta in in g  from 0.125 to  2 .0  per cent g lucose, were s ig n if ic a n tly  
g re a te r  than media w ith  ij. per cen t glucose. Although spore leng th
Table 16.—E ffec t o f Carbon Source in  Culture Medium on In h ib itio n
of H. sativum by D im ethyldithiocarbam ate.
Carbon
source
1*6r  cen t in h ib it io n  a t  ind icated molar concentrations
2x10*^ lxlO’1* 5x10*5 2 •5x10*5 1.25x10*5
Glucose 96 67 56 37 28
Galactose 60 51 1+3 50 15
Sucrose 100 67 37 13 0
lac to  se 1+3 36 2k 16 9
Malto se 9k kk 3k 21
Starch 61 47 35 22 12
Table 17*-»Effect of Glucose C oncentration on S poru la tion . Spore 
Length, W idth, and Number of C e lls  (H. sativum ).
Per cent Sporulation Average o f 25 Bpores
glucose
concen tra tion
per s la n t 
(1000 spores)
tens;
0 0
th  Width
G»)
Number o f c e l ls
k 1230 5U.26 30.32 3 .7
2 2210 62.73 32.13 5-1+
1 3920 67.66 32.98 6 .2
0 .5 2132 71+.1+8 33.32 5*5
O.25 750 70.72 26.18 5 .1
0.125 *465 72.90 29.1+1 6 .1
V ariable L.S.D .^qj L.S.D.
95
Length 0.517 0.592
Width 0.208 O .I57
C ells  per spore O.237 0.180
Sporulation 3797. 2596.
and w idth increased  w ith  decreasing  glucose concen tra tion  down to
O.5  per c e n t, a secondaxy increase  occurred a t  0.125 per c e n t.
One per cont glucose was optimum fo r  maximum number of c e l ls  per 
spore. Here ag a in  a secondary increase is  evident a t  0,125 per c e n t.
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E ffe c t o f Glucose C oncentrations on S u sc e p tib il i ty . —The procedure 
fo r  eva luating  the e f fe c t o f glucose concen tra tion  on s u s c e p tib i l i ty  
was the  same as d iscussed under carbon sources* These da ta  are 
given in  Table 18* D ifferences in  s u s c e p tib i l i ty  are  not evident* 
Apparently glucose concentrations do not in fluence s u s c e p tib i l i ty  
to  the  dim ethyl compound.
Table 18*»—■E ffect of Glucose C oncentration in  C ulture tedium on 
In h ib itio n  of H* sativum by Dimet- by Id ith iocarbam ate3•
Per cen t 
co n ce n tra tio n  
o f  glucose
P er cen t in h ib i t io n  a t  
in d ic a te d  m olar c o n cen tra tio n s
2 x 1 0 * ^ 1 x 1 0 * ^ 5 x 1 0 * 5 2 . 5x 10*5 1 . 2 5 x 1 0 * 5
4 8 5 73 55 41 5 0
2 91 75 6 0 40 2 1
1 8 6 6 9 54 35 18
0 , 5 98 82 6 5 47 2 5
0 . 2 5 97 8 5 61 41 28
0 . 1 2 5 95 81 57 59 2 2
DISCUSSION
8^5 -  la b e lled  potassium  dim ethyldithiocarbam ate was more 
fu n g ic id a l than the  corresponding d i-n -p ropy l compound to  spores 
o f M* f ru c tic o la  and H. sativum* Sorption ( c o l le c t iv e ly ,  adsorp­
t io n  and abso rp tio n ) of the dim ethyl compound, however, was 
s ig n if ic a n tly  le ss  than th e  d i-n -p ropy l homolog*
Assuming th a t  th e  dim ethyl compound may a c tu a lly  be 
sorbed in  amounts equ ivalen t to  or g re a te r  than th e  d i-n -p ropy l 
homolog, i t  would be necessary to  p o s tu la te  th a t  thB d e r iv a tiv e , 
in  tra ceab le  form, must have been more weakly re ta in ed  by the 
spore* I f  th is  were t r u e ,  th en , o f the two compounds, r e la t iv e ly  
enormous amounts o f the dimethyl d e riv a tiv e  would be removed 
during f i l t r a t i o n  or by some o ther means* Since a 10 ml wash 
was usually  used in  the ra d io tra c e r  work, th is  p o s s ib i l i ty  was 
examined by measuring th e  r a d io a c tiv ity  of unwashed spores* *t 
was found th a t  th e  methyl compound was more read ily  removed by 
washing, but the amount of d i-n -p ropy l compound before washing 
f a r  exceeded the amount of the dim ethyl d e r iv a tiv e .
Apparent so rp tio n  o f th e  dimethyl compound would a lso  
be low i f  carbon d isu lf id e  or hydrogen su lf id e  re su lte d  from the 
a c tio n  of the b io lo g ica l system on the fu n g ic id e . No evidence of 
such compounds was obtained* The same so rp tio n  d iffe ren ce  was 
apparent when spores were k i l le d  before exposure tc  the  ra d io ­
a c tiv e  so lu tio n s  o f the d e riv a tiv es*  Furtherm ore, th is  d iffe ren ce  
in  so rp tion  was found a f t e r  spores were exposed to  the d i th io -  
carbanates fo r  5 m inutes, a treatm ent which resu lted  in  only s l ig h t
j+O
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in h ib itio n , of g em in a tio n . I t  m a t  be concluded then , 'that 
so rp tio n  o f th e  le s s  fu n g ic id a l d i-n -p ropy l compound is  indeed 
g re a te r  than  th a t  o f the dim ethyl homolog.
Whether o r not the d i-n -p ropy l compound is  a c tu a lly  
nontoxic remains to  be ev alua ted . To v e r ify  th e  premise o f 
inheren t to x ic i ty  d iffe ren ces  between th e  compounds, and an a ly s is  
o f r e la t iv e  concen tra tions w ith in  the  protoplasm  would be necessary . 
That i s ,  d is t in c t io n  must be made between abso rp tion  and ad so rp tio n . 
E f fo r ts  to  d is tin g u ish  so rp tio n  by autoradiography of spore 
sec tio n s  were unsuccessfu l. However, whether adequate re so lu tio n  
can be obtained w ith  to  d is t in g u is h  r e la t iv e  concentrations in  
or on the  spore w all and in  the  protoplasm , would require more 
ex tensive in v e s tig a tio n . I f  i t  were necessary to  d if f e r e n t ia te  
concen tra tions a t  the  spore wal1-cytoplasm in te r fa c e ,  the  value 
o f S?5 would then be questionab le .
Evidence e x is t s ,  however, th a t  the  d i-n -p ropy l compound 
may adsorb strong ly  on the spore w a l l ,  and, th e re fo re , not reach  
the s i te  of a c tio n i g rea te r  adsorp tion  of the  d i-n -p ropy l d eriv a­
t iv e  on the p la s t ic  f i l t e r s j  and le ss  desorp tion  of th is  homolog 
than  of the dimethyl compound by washing.
Even though the  eytoplasmic membrane of the  spore may 
be more permeable to  the d i-n -p ropy l compound by v ir tu e  o f i t s  
g rea te r lip o id  s o lu b i l i ty ,  i t  is  neverthe less  po ssib le  th a t many 
of the d i-n -p ropy l molecules may be adsorbed by the  spore w a ll ,  
and, th e re fo re , never come in to  con tact w ith  the lip o id  membrane.
sumary
From th e  methods presented e& rlier (29)* & procedure wa3 
modified to  obtain  reproducible measurements of the so rp tio n  of 
S-^ -  lab e lled  dith iocarbam ates by fungus spores, baaed on an 
" In f in i te ly  th in"  spore sample. Concurrent with th e  bioassay 
th i s  rad io tra c e r .te c h n iq u e  was used to  evaluate  th e  c o rre la tio n  
between so rp tio n  and fu n g ic id a l a c t iv i ty  of th e  d ia Ik y ld itb io -  
carbam ates, using  H. sativum and K. f ru c t ic o la .
In these  t e s t s  so rp tio n  of the d i-n -p ro p y l d e riv a tiv e  
was c o n s is te n tly  g rea te r than th e  more fu n g ic id a l dimethyl homolog. 
Although th e  same so rp tio n  p a tte rn  occurred w ith M. f ru c t ic o la , 
d iffe ren ces  were le ss  marked as were d iffe ren ces  in  fu n g ic id a l 
a c t iv i ty .  Washing tre a te d  spores removed a g rea te r p roportion  
of the dim ethyl than the d i-n -p ropy l d e r iv a tiv e . Spores which 
were te a t - k i l le d  before exposure to  so lu tio n s of th e  d ith io o arh a­
mate homologs sorbed the same r e la t iv e  amounts o f the d e riv a tiv e s  
as non h ea t-k illed  spores. With both compounds, so rp tion  increased 
as du ra tion  o f exposure increased  from 5 minutes to  2I4. hours. 
Fungicidal a c t iv i ty  of the  dim ethyl homolog a lso  increased during 
the  2l|-hour exposure p e rio d . Sorption d iffe re n c e s , ev iden t a t  the 
end of th s  f i r s t  5 minutes of exposure, increased s l ig h tly  during 
th e  rem aining p eriod . Under t e s t  cond itions th en , so rp tion  of the  
d ia lky ld ith iocarbam ates wa3 inversefy  co rre la ted  w ith  fu n g ic id a l 
a c t iv i ty .  E ffo rts  to  lo ca te  th e  s i t e  of concen tra tion  of these  
d e riv a tiv e s  by autoradiography o f spore sections were not su ccess fu l.
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Consequently, whether the d i-n -p ro p y l compound i s  ncnfungicidal 
and absorbed In  large amooints, or whether the homo log is  so s trong ly  
adsorbed th a t  fu n g ic id a l amounts do not permeate th e  spore, i s  not 
known* R ela tively  strong  so rp tion  of t h i s  compound on the p la s t ic  
”M illipora“ f i l t e r ,  i t s  r e la t iv e ly  low r a te  of d eso rp tio n , and 
g rea te r  number of CEq groups a re  evidence fo r  th e  la t t e r  
p o ss ib ility *
In in v e s tig a tio n s  on th e  influence of carbon sources 
on s u s c e p tib i l i ty  of H# sativum to  th e  dimethyl compound, spores 
from media con ta in ing  g a lac to se , la c to se , and s ta rc h , were most 
r e s i s ta n t .  This was most pronounced a t  2x10“^  molar co n cen tra tio n  
of the dim ethyl d e r iv a tiv e . In stud ies  w ith  glucose concentra­
t io n s ,  marked d iffe ren ces  in  s u s c e p t ib i l i ty  were not observed*
Both carbon source and concen tra tion  of glucose influenced 
sp o ru la tio n  and spore s iz e .
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